Making a NeST for a Persistent Virus  by Cullen, Bryan R.
Cell Host & Microbe
PreviewsMaking a NeST for a Persistent VirusBryan R. Cullen1,*
1Department of Molecular Genetics & Microbiology and Center for Virology, Duke University Medical Center, Durham, NC 27710, USA
*Correspondence: bryan.cullen@duke.edu
http://dx.doi.org/10.1016/j.chom.2013.02.016
In a recent issue of Cell, Gomez et al. (2013) describe a long intergenic noncoding RNA, called NeST, that
regulates the ability of mice to respond to viral and bacterial infections. NeST recruits histone H3 lysine 4
methyltransferases to the IFN-g gene locus, enhancing IFN-g expression in key T cell subsets.Theiler’s virus (THV) is a picornavirus that
causes natural infections in mice. Infec-
tion by THV initially induces an acute
infection, and in many mouse strains this
fully resolves and THV is cleared from
the organism. However, in some mouse
strains, THV gives rise to a persistent
infection of the spinal cord that eventually
results in a demyelinating disease with
symptoms similar to multiple sclerosis in
humans (Levillayer et al., 2007).
Analysis of this susceptibility pheno-
type showed that it was due to inheritable
differences between mouse strains and
further revealed that the phenotype could
be adoptively conferred by bone marrow
transplantation, thus indicating that differ-
ences in the immune response to THV
infection were responsible (Aubagnac
et al., 2002). Forward genetic analysis,
using crosses between susceptible and
THV-resistant mouse strains, revealed
three loci that contributed to this pheno-
typic difference, one of which maps to
the H2 locus. A second locus was map-
ped to mouse chromosome 10 to a region
that contains two protein coding genes,
encoding IL-22 and IFN-g, as well as a
long intergenic noncoding RNA (lincRNA)
(Levillayer et al., 2007). Gomez et al.
(2013) initially performed an analysis of
the expression of this lincRNA, which
they named NeST, for nettoie Salmonella
pas Theiler’s (clears Salmonella not
Theiler’s). T cells from the SJL/J strain
of mice, which are susceptible to persis-
tent THV infections, were found to
express NeST while T cells obtained
from a cross that contained the NeST
locus from a THV-resistant mouse strain,
called B10.S, did not express detectable
NeST RNA.
Next, Gomez et al. (2013) asked
whether this THV resistance locus also
influenced the ability of mice to respond
to another, entirely unrelated pathogen,i.e., the pathogenic bacterium Salmo-
nella. Interestingly, this locus indeed
regulated the ability of mice to success-
fully fight off an experimental Salmonella
infection, but in a nonintuitive way.
Specifically, mouse crosses that were
susceptible to THV proved resistant to
Salmonella, whereas mice that were
resistant to persistent THV infections
tended to succumb to Salmonella infec-
tions. In addition, Gomez et al. (2013)
observed that themice that were resistant
to Salmonella were also less likely to
succumb after intraperitoneal injection of
bacterial lipopolysaccharide (LPS), thus
suggesting that this resistance phenotype
likely regulated the degree of inflamma-
tion induced by an infecting pathogen.
This hypothesis was further supported
by the observation that the level of Salmo-
nella bacteria found in the spleen and
feces of mice was unaffected by the pres-
ence or absence of this susceptibility
locus, even though the outcome of the
infection was clearly different.
At this stage, it remained unclear
whether it was the NeST lincRNA or one
of the two protein coding genes found in
this mouse locus that regulated this
response to bacterial and viral infection.
To directly address this question, Gomez
et al. (2013) therefore generated trans-
genic lines in the parental B10.S mouse
lineage, which is susceptible to killing by
Salmonella, that ectopically expressed
either the B10.S NeST cDNA or a NeST
cDNA from the resistant SJL/J strain.
Both NeST cDNAs could be readily
detected in CD8+ T cells derived from
these transgenic mice, but not from the
parental B10.S strain, and remarkably,
both transgenic lines not only proved to
be resistant to Salmonella but now also
proved unable to effectively clear experi-
mental THV infections. Therefore, ectopic
expression of NeST confers on theCell Host & Microbe 1parental B01.S strain not only resistance
to killing by Salmonella but also sensitivity
to THV pathogenesis.
Gomez et al. (2013) now turned their
attention to the mechanism underlying
these observed susceptibility pheno-
types. Because a number of lincRNAs
have been shown to affect the expression
of protein coding genes located in cis in
the genomic DNA (Guttman and Rinn,
2012), their attention was drawn to the
IFN-g gene, which in mice lies immedi-
ately adjacent to the NeST gene, but in
the opposite transcriptional orientation
(Figure 1). Indeed, analysis of IFN-g
protein expression showed that CD8+
T cells derived from the parental B10.S
mouse strain and subjected to stimulation
using PMA and ionomycin secreted
barely detectable levels of IFN-g, while
CD8+ T cells derived from B10.S mice
that had acquired the minimal SJL/J
NeST locus by genetic cross, or trans-
genic B10.S mice that expressed ectopic
NeST, produced robust amounts of
IFN-g. In contrast, the release of IL-22
from these T cells was not affected by
NeST expression, even though the IL-22
gene is also adjacent to the NeST gene.
While numerous lincRNAs have now
been defined, the function of the large
majority remains unknown. However,
several lincRNAs are known to localize
to the nucleus and to function by recruit-
ing chromatin modifying enzymes to
specific regions of the genome (Guttman
and Rinn, 2012). While the majority of
lincRNAs with known functions appear
to repress gene expression, there are
now a number of lincRNAs known that
activate gene expression. One well-
studied lincRNA, called HOTTIP, has
been shown to promote the expression
of the HOXA homeodomain locus by
inducing histone 3 lysine 4 (H3K4) trime-
thylation at this locus, an epigenetic3, March 13, 2013 ª2013 Elsevier Inc. 241
Figure 1. NeSTRegulation of IFN-gGene ExpressionCorrelateswith
Pathogen Resistance
Stimulation of murine T cells induces transcription of the NeST lincRNA, which
then interacts with the WDR5 subunit present in cellular H3K4 methyltrans-
ferases. NeST then recruits these H3K4 methyltransferases to the IFN-g
gene, located immediately adjacent to the NeST gene, which induces H3K4
methylation of chromatin surrounding the IFN-g gene and facilitates IFN-g
expression. This in turn correlates with a reduction in pathogenicity induced
by Salmonella infection but an increase in THV pathogenicity. While this corre-
lation is clear, it remains uncertain whether these phenotypes are directly
related to changes in IFN-g expression or instead are controlled by other,
unknown genes regulated by NeST, as indicated by a question mark (‘‘?’’).
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activity (Wang et al., 2011).
Moreover, HOTTIP was
found to directly interact
with a subunit of the H3K4
methyltransferase complex
called WDR5, thus suggest-
ing that HOTTIP promotes
HOXA transcription by re-
cruiting a WDR5-containing
histone modifying complex
to this genomic locus. Simi-
larly, Gomez et al. (2013)
were able to show that
NeST also specifically inter-
acts with WDR5 in cultured
cells coexpressing WDR5
and NeST RNA and that
ectopic expression of NeST
significantly increased H3K4
methylation at the IFN-g
gene locus in CD8+ T cells
in response to LPS stimula-
tion, thus suggesting that
NeST, like HOTTIP, acts to
recruit a WDR5-containing
H3K4 methyltransferase to
the IFN-g gene locus to
epigenetically activate gene
expression (Figure 1).
A curious phenomenon is
that while the NeST gene islocated immediately adjacent to the
IFN-g gene (Figure 1), ectopic expression
of NeST from lentiviral vectors integrated
into the genome at locations distal to
the IFN-g gene remains fully able to
rescue not only resistance to Salmonella
infection but also IFN-g gene expression
in CD8+ T cells in response to PMA/
ionomycin treatment. Moreover, by taking
advantage of polymorphisms in the
IFN-g gene, Gomez et al. (2013) were
able to show that, in heterozygous mice
containing one copy of chromosome 10
from the B10.S strain, which fails to
express NeST, and one from SJL/J, which
can express NeST, both copies of the
IFN-g gene are induced after stimulation.
Therefore, the NeST lincRNA clearly acts
in trans, not in cis. However, it remains
possible that the genomic target
sequences for NeST RNA recruitment
are located in the exonic NeST sequences
located adjacent to the IFN-g gene but
which, in the B10.S strain, are transcrip-
tionally silent. For example, NeST RNA
could interact with the minus DNA strand
of the NeST gene, which is, of course,242 Cell Host & Microbe 13, March 13, 2013complementary to the NeST RNA. This
would provide a mechanism by which
NeST could affect the expression of the
adjacent IFN-g gene yet prove able to
function in trans when expressed ectopi-
cally, as reported by Gomez et al. (2013).
Indeed, several DNA elements known
to control IFN-g gene expression coincide
with exonic regions of the NeST lincRNA,
and these have been reported to show
epigenetic marks of active transcription
(Figure 1) and to bind transcription
factors thought to be important for IFN-g
expression (Hadjur et al., 2009; Sekimata
et al., 2009).
In conclusion, Gomez et al. (2013)
present the first report demonstrating
that lincRNAs can act in immune effector
cells to regulate the outcome of infections
by either bacterial or viral pathogens. In
particular, they show that the lincRNA
NeST can upregulate the expression of
the IFN-g gene in CD8+ T cells by recruit-
ing an H3K4methyltransferase to the IFN-
g locus. Strikingly, however, this results in
quite different outcomes with the two
pathogens tested. In particular, NeSTª2013 Elsevier Inc.expression protects against
lethal infection by Salmonella
yet increases the likelihood
that THVwill establish a highly
pathogenic, persistent infec-
tion in the spinal cord of
experimentally infected mice
(Figure 1). Why NeST, or
more accurately the IFN-g
gene induced by NeST, would
do this is not currently clear. I
note that while this report
shows a correlation between
the NeST-regulated differ-
ences in the response of
mice to viral or bacterial infec-
tion and the regulation of
IFN-g expression by NeST, it
does not prove causation. It
therefore remains possible
that NeST also regulates one
or more other genes that
play a key role in regulating
the immune response to these
pathogens (Figure 1). Perhaps
most importantly, this report
clearly suggests that genetic
susceptibility loci that influ-
ence the ability of humans
to respond to infectious di-
seases are likely to not only
map to coding mRNAs andadjacent transcriptional and splicing
regulatory regions but also, potentially,
to lincRNAs that regulate the expression
of immune response genes.REFERENCES
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